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ORGANIC GATE INSULATING FILM AND ORGANIC THIN FILM TRANSISTOR 

USING THE SAME 

BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

The present invention relates, in general, to organic 
gate insulating films and organic thin film transistors 
using the same. More specifically, the present invention is 
10 directed to an organic gate insulating film, capable of 
increasing the electrical characteristics of a transistor 
when used, and an organic thin film transistor having the 
insulating film. 

15 2. Description of the Related Art 

Ever since the development of polyacetylene, a 
conjugated organic polymer that exhibits semiconductor 
characteristics, there has been vigorous research on an 
organic semiconductor including polymer as semiconductor 

20 materials, which became one of novel electronic devices with 
many application in a variety of fields, such as functional 
electronic devices and optical devices. This is because, 
when used in the organic semiconductor, organic polymers show 
many advantages of having various synthetic routes, being 

25 easily formed into fiber- or film-shapes, showing excellent 



1 



flexibility and good conductivity, being manufactured at 
lower costs, and so on . 

As one of many devices prepared by using the organic 
conductive polymers, an organic thin film transistor (OTFT) 
5 characterized by using the organic polymer as an active film 
has been studied since the 1980s. In recent years, a lot of 
research on such an OTFT has been done all over the world. 
The OTFT is similar in a structure to the conventional Si-TFT, 
but it is different in a sense of using the organic polymer 

10 as a semiconductor material instead of Silicon. In the 

process of the OTFT, thin film of semiconductor layer can be 
fabricated by printing-process under atmospheric pressure, 
not by plasma-using chemical vapor deposition (CVD) which is 
very troublesome but essential for the formation of a Silicon 

15 thin film and, furthermore, a roll to roll process using a 
plastic substrate can be used so it is possible to 
manufacture a more inexpensive transistor. 

At present, the organic thin film transistor has been 
applied for drive devices of active displays and plastic 

20 chips of smart cards or inventory tags. In the organic thin 
film transistor, its performance that is normally evaluated 
by field-effect mobility, flashing ratio and threshold 
voltage has been enhanced to be close to that of a-Si TFT. 
In addition, such performance of the organic thin film 

25 transistor depends on various factors, including a degree of 



crystallization of the organic active film, charge 
characteristics at the interface between a substrate and the 
organic active film, carrier injection capability of an 
interface between a source/drain electrode and the organic 
5 active film, etc. In this regard, a variety of methods have 
been proposed to improve its performance. In particular, 
with the aim of decreasing the threshold voltage, US patent 
No. 5,946,551 disclosed a method of using dielectric 
materials having a high dielectric constant (i.e. High-K 

10 materials) for example ferroelectric insulating materials 
such as Ba x Sr!- x Ti03 (BST) , Ta 2 0 5 , Y 2 0 3 , or Ti0 2 , and inorganic 
insulating materials, such as PbZr x Tii- x 0 3 (PZT) , Bi 4 Ti 3 0i2, 
BaMgF 4 , SrBi 2 (Tai- x Nb x ) 2 0 9 , Ba ( Zri_ x Ti x ) 0 3 (BZT) , BaTi0 3 or SrTi0 3 . 
For the organic thin film transistor, a silicon oxide film 

15 and an inorganic insulating material can be used as the gate 
insulating film. But, when the inorganic oxide material 
being used, the OTFT has no advantage in terms of processing, 
compared with the conventional TFT using silicon as 
semiconductor materials. 

20 Meanwhile, the organic insulating film used in the 

prior art is composed of polyimide, benzocyclobutene or 

j^/iiw i^wuvi. j -i- . liuw^ voj- , ouv^u 1 1 uiyainu xuouia u ivj j_ j_ j_Hi nas 

been found to be inferior to inorganic insulating films in 
light of transistor characteristics (USP No. 6,232,157). Thus, 
25 in order for an organic thin film transistor to be used 




practically, organic insulating materials that are suitable 
for a printing process and can contribute to good transistor 
characteristics when used in OTFT should be urgently 
developed. 
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SUMMARY OF THE INVENTION 



Therefore, an object of the present invention is to 
solve the problems of the prior art and to provide an 
10 organic gate insulating film that provide good conditions 
for the formation of organic active, film thereon and thus 
enable transistors including this insulating film to achieve 
the improvement on their properties. 

Another object of the present invention is to provide 
15 an organic thin film transistor including the organic gate 
insulating film. 

According to one aspect of the . present invention to 
accomplish the above objects, there is provided an organic 
gate insulating film comprising an organic insulating 
20 polymer as represented by the following Formula 1: 
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Formula 1 




[Wherein, R is represented by the following Formula 2: 
Formula 2 



(Wherein, R x is selected from the following group I in 
which n is an integer of 0 to 10: 
group I 

<\ CHli -Q^ 4cHl) ^ ^ CB,i " 

10 R 2 is a photo-alignment group selected from the groups 

II and HI and, when 1 is 2 or more, at least one of R 2 is 
selected from the group II ; 
group II 



— OCOCH=CH— ^ — oco-\ ^> 



CB=CHCO— COO ~Vj£ C H=CHCO— 



Vj^ch=chco— 



^ '^CH=CHCO— 



CH=CHCO — 
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group HI 



-°-\Joo- ~ S -\Jco- -° C °-\Jco- - C0 °-\J CO _ - c " c 



-HJocc - SH Qocc -° C Hioco - CCX 0 OC0 . - C " c -O oco . 

- s_h O^ - 0C0 "O "CoohQ -c-c^^ 

R 3 is a hydrogen atom or is selected from the group IV 
in which X shows a hydrogen atom, an alkyl or alkoxy group 
of 1 to 13 carbon atoms,- an aromatic group of 6 to 20 carbon 
atoms, a heteroaromatic group of 4 to 14 carbon atoms having 
a heteroatom contained in an aromatic ring, (OCH 2 ) P CH 3 
(wherein p is an integer of 0 to 12), F, or CI, and m is an 
integer of 0 to 18: 
group IV 
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k is an integer of 0 to 3; 1 is an integer of 1 to 5; 
and Ri and R 2 are different respectively when Ri and R 2 
includes a plurality of functional groups) ; 

m is a real number of 0.3 to 0.7 and n is a real 
5 number of 0.3 to 0.7, while the sum of m and n is 1; x is a 
real number of 0.3 to 0.7 and y is a real number of 0.3 to 
0.7, while the sum of x and y is 1; and i is a real number 
of 0 to 1 and j is a real number of 0 to 1., while the sum of 
i and j is 1] . 

10 According to another aspect of the present invention, 

there is provided an organic thin film transistor comprising 
a gate electrode - a gate insulating film - an organic 
active film - a source/drain electrode - a protection film 
deposited sequentially on a substrate, or a gate electrode - 

15 a gate insulating film - a source/drain electrode - an 
organic active film - a protection film deposited 
sequentially on a substrate, wherein the gate insulating 
film comprises the organic insulating polymer of Formula 1. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects and advantages of the 
invention will become apparent and more readily appreciated 
from the following description of the preferred embodiments, 
25 taken in conjunction with the accompanying drawings of 
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which: 

FIG. 1 illustrates a cross-sectional view of a 
transistor fabricated in Examples 1 to 5; 

FIG. 2 illustrates a cross-sectional view of a 
5 transistor fabricated in comparative Examples 1 to 3; 

FIG. 3 illustrates an XRD graph of a pentacene thin 
film deposited onto an organic insulating film (SI) in 
Example 1; 

FIG. 4 illustrates an AFM (Atomic Force Microscope) 
10 image of the pentacene thin film deposited onto the organic 
insulating film (SI) in Example 1; 

FIG. 5 illustrates a curve showing current transfer 
characteristics of an organic thin film transistor produced 
by Example 1; 

15 FIG. 6 illustrates an XRD graph of a pentacene thin 

film deposited onto an organic insulating film (S2) in 
Example 2; 

FIG. 7 illustrates an AFM image of the pentacene thin 
film deposited onto the organic insulating film (S2) in 
20 Example 2; 

FIG. 8 illustrates a curve showing current transfer 
characteristics of an organic thin film transistor produced 
by Example 2; 

FIG. 9 illustrates an XRD graph of a pentacene thin 
25 film deposited onto an organic insulating film (S3) in 



example 3 of the present invention; 

FIG. 10 illustrates an AFM image of the pentacene thin 
film deposited onto the organic insulating film (S3) in 
Example 3; 

FIG . 11 illustrates a curve showing current transfer 
characteristics of an organic thin film transistor produced 
by Example 3; 

FIG. 12 illustrates an XRD graph of a pentacene thin 
film deposited onto an organic insulating film (S4) in 
Example 4; 

FIG. 13 illustrates an AFM image of the pentacene thin 
film deposited onto the organic insulating film (S4) in 
Example 4; 

FIG. 14 illustrates a curve showing current transfer 
characteristics of an organic thin film transistor produced 
by Example 4; 

FIG. 15 illustrates a curve showing current transfer 
characteristics of an organic thin film transistor in 
Example 5; 

FIG. 16 illustrates an AFM image of a pentacene thin 
film deposited onto Si0 2 in Comparative Example 1; 

PTf^! 1 7 "ill net* rafDc n r-nrtm o Vi /-nt.t -i ri n on wAnf 4- *~ -> *^ 4= ^ ^ 
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characteristics of an organic thin film transistor in 
Comparative Example 1; 

FIG. 18 illustrates an AFM image of a pentacene thin 



film deposited onto OTS-treated Si0 2 in comparative example 
2 of the present invention; 

FIG. 19 illustrates a curve showing current transfer 
characteristics of an organic thin film transistor in 
Comparative Example 2; and 

FIG. 20 illustrates a curve showing current transfer 
characteristics measured by use of an organic thin film 
transistor in Comparative Example 3. 

DETAILED DESCRIPTION OF THE INVENTION 

Based on the present invention, an organic gate 
insulating film includes an organic insulating polymer as 
represented by the following Formula 1 : 

Formula 1 




[Wherein, R is represented by the following Formula 2: 
Formula 2 
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(Wherein, R : is selected from the following group I in 
which n is an integer of 0 to 10: 
group I 

-C^. +O. -GUk ^-O «<**.. 

R 2 is a photo-alignment group selected from the groups 
II and IE and, when 1 is 2 or more, at least one of R 2 is 
selected from the group II ; 
group II 

— OCOCH=CH— £ ^ — OCO— 4 ^ —COO— \ ^> 

\— 2^CH=CHCO— ^— >"CH=CHC0— 



^— £"CH=CHCO— V_^CH=CHCO— ^CH=CHCO — 

group HI 



- OH Oco- - S "Oco- -° COH Oco- - C °K5 co _ - c - c "Oco- 



-°Ooco — Qoco- -° C °-Ooco- ~ C0<>H Ooco- -°- C -Oc 



- s_h CX -° c °-0 - cooH Q -°- c ^CX 

R 3 is a hydrogen atom or is selected from the group IV 
in which X shows a hydrogen atom, an alkyl or alkoxy group 
of 1 to 13 carbon atoms, an aromatic group of 6 to 20 carbon 
atoms, a heteroaromatic group of 4 to 14 carbon atoms having 
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a heteroatom contained in an aromatic ring, (OCH 2 ) p CH 3 
(wherein p is an integer of 0 to 12), F, or CI, and m is an 
integer of 0 to 18: 



group IV 




X X X X / X 

x w x x w x \/ 

-oco-^-x -coohQkx ^cec^Qkx 

XX XX XX 

X XX XX 

V m xH 

XX XX xx 

-° co i$h9- x -coo-^cVc-x _ c =c«(c}-c-x 

x m x xh \H 

k is an integer of 0 to 3; 1 is an integer of 1 to 5; 
and Ri and R 2 are different respectively when R ± and R 2 
includes a plurality of functional groups) ; 

m is a real number of 0.3 to 0.7 and n is a real 
number of 0.3 to 0.7, while the sum of m and n is 1; x is a 
real number of 0.3 to 0.7 and y is a real number of 0.3 to 
0.7, while the sum of x and y is 1; and i is a real number 

Of 0 to 1 and i i s a r^^il nnmhpr o f 0 t- r\ 1 -i 1 ^ f Kq cum ^ 
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i and j is 1] . 

The gate insulting film of the present invention is 
characterized in that a photo-alignment group is introduced 
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into the organic insulating polymer used for the insulating 
film, so that alignment (or orientation) of an organic 
active film increase largely, thereby improving charge 
mobility. Also, by providing good condition for the 
formation of the organic active film, the organic insulating 
film of the present invention can contribute to obtain 
larger grain size in the organic active film, compared with 
the conventional inorganic insulating films. 

These effects of the gate insulating films according 
to the present invention are believed to result from 
improving interface characteristics between the organic 
active film and the insulating film. In the present 
invention, the interfacial characteristics are determined by 
forming the assembly of organic insulating polymer layer and 
organic active layer and then measuring the surface energy 
of the interface therebetween, in accordance with the 
following equation: 

Ts = r s LW + r s AB 

(Wherein, Ts is the total surface energy, and Ts LW is 
the surface energy of a dispersion part, and Ts AB is the 
surface energy of a polar part.) 

The orcranic insulatina nnh/mpr f i lm ^-f fho ^>~^o^^+- 
invention has the surface energy of 35 to 50 mN/m, and, 
judging from this, the surface energy is believed to have an 
effect on the grain size of organic active film by affecting 

13 



the degree of crystallization when the organic active film 
being formed. 

In Formula 1, the reason why the number ranges of m, n, 
x and y are defined as above is that the state of the thin 
film and characteristics of the transistor including the 
film can be improved dramatically when they fall in such 
ranges. Thin films can be fabricated even when m, n, x and y 
is out of the above ranges, but the state of the thin films 
obtained is in such a bad condition that it is very 
difficult to avoid deterioration in the characteristics of 
the transistors. 

The organic thin film transistor of the present 
invention includes the organic insulating polymer as the 
insulating film, and is composed of, but not limited to, a 
generally known structure, that is, substrate/gate 
electrode/gate insulating film/organic active film/source- 
drain electrode or substrate/gate electrode/gate insulating 
film/source-drain electrode/organic active film. 

The organic active film is formed of a generally used 
material, but not limited to, for example, pentacene, copper 
phthalocyanine, polythiophene, polyaniline, polyacetylene, 
polypyrrole, polyphenylenevinylene or. derivatives thereof. 

The gate electrode is made of a generally used metal, 
but not limited to, for example, gold (Au) , silver (Ag) , 
nickel (Ni), indium tin oxide (ITO), aluminum (Al), chromium 
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(Cr), etc. 

The source and drain electrodes are made of a 
generally used metal, but being not limited to, for example, 
gold (Au), silver (Ag) , nickel (ni), indium tin oxide (ITO), 
chromium (Cr), etc. 

Having generally described this invention, a further 
understanding can be obtained by reference to specific 
examples that are provided hereinafter for the purposes of 
illustration only and are not intended to be limiting unless 
otherwise specified. 

EXAMPLE 1 : Fabrication of Organic Thin Film Transistor 
including Organic Insulating Polymer (SI) as Gate Insulating 
Film and Pentacene as Active film 

An organic thin film transistor having a structure 
shown in FIG. 1 was fabricated by use of an organic 
insulating polymer (SI) represented by the following Formula 
7: 

Formula 7 



SI 
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On a washed silicon substrate, a silicon oxide film 
was deposited at a thickness of 3000A with CVD (Chemical 
Vapor Deposition) . Then, a 2000A thick gate electrode of 
aluminum (Al) was formed on the silicon oxide film using a 
method of vapor deposition. Thereafter, 10wt% solution of 
organic insulating polymer (SI) dissolved in NMP was coated 
on the gate electrode by a spin coating process at 1000 rpm 
to obtain a thickness of 7000 A, and then baked at 100°C for 
1 hour in a nitrogen atmosphere. Next, pentacene was 
deposited at a thickness of 700 A under the conditions of a 
vacuum of 2xl0" 6 torr, a substrate temperature of 80°C and a 
deposition rate of 0.3 A/sec, by OMB D (Organic Molecular 
Beam Deposition) , thereby forming a pentacene active film on 
the organic insulating polymer film. Then, a source-drain 
electrode of gold (Au) was formed on the pentacene active 
film by vapor deposition, with using a shadow mask with a 
channel length of lOO^rn and a channel width of 2 mm. Finally, 
organic thin film transistor of top contact type was 
fabricated as shown in FIG. 1. 

In reference to Fig. 1, 1 denotes a substrate, 2 
denotes a gate electrode, 3 denotes an organic gate 
insulating film, 4 denot es a source p>1 p^t" mH^ r H^r-i^t- ^ <^ -=> 
drain electrode, 6 denotes an organic active film. 

An XRD graph of a pentacene thin film formed on the 
organic insulating polymer (SI) is shown in FIG. 3, an AFM 
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image thereof is seen in FIG. 4 and a current transfer curve 
of the fabricated organic thin film transistor is shown in 
FIG . 5: 

• XRD graph: measured using APD 1700 available from 
KRUSS Co. Ltd. 

• AFM image: measured using AutoProbe CP Research 
available from PSIA Co. Ltd. 

• Current transfer curve: measured using Semiconductor 
parameter analyzer HP4155A available from Hewlett 
Packard Co. Ltd. 



EXAMPLE 2 : Fabrication of Organic Thin Film Transistor 
including Organic Insulating Polymer (S2) as Gate Insulating 
Film and Pentacene as Active film 

An organic thin film transistor having a structure 
shown in FIG. 1 was fabricated by use of an organic 
insulating polymer (S2) represented by the following Formula 
8: 
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Formula 8 

S2 



Except that 5wt% solution of organic insulating 
polymer (S2) dissolved in NMP was coated on the gate 
electrode by a spin coating process at 2000 rpm to obtain a 
thickness of 2163 A, then baked at 100°C for 1 hour in a 
nitrogen atmosphere, and the film thus obtained was subject 
to UV-alignment with 350nm UV having lOOOmJ, an organic thin 
film transistor was fabricated in the same way of Example 1. 

An XRD graph of a pentacene thin film formed on the 
organic insulating polymer (S2) is shown in FIG. 6, an AFM 
image thereof is shown in FIG 7, and a current transfer 
curve of the fabricated organic thin film transistor is 
shown in FIG. 8 . 

EXAMPLE 3 : Fabrication of Organic Thin Film Transistor 
including Organic Insulating Polymer (S3) as Gate Insulating 
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Film and Pentacene as Active film 



An organic thin film transistor having a structure 
shown in FIG. 1 was fabricated by use of an organic 
insulating polymer (S3) represented by the following Formula 
5 9: 

Formula 9 

S3 



Except that 5wt% solution of organic insulating 
polymer (S3) dissolved in NMP was coated on the gate 

10 electrode by a spin coating process at 1000 rpm to obtain a 
thickness of 3084 A, then baked at 100°C for 1 hour in a 
nitrogen atmosphere, and the film thus obtained was subject 
to UV-alignment with the same condition of Example 2, an 
organic thin film transistor was fabricated in the same way 

15 of Example 1 . 

An XRD graph of a pentacene thin film formed on the 
organic insulating polymer (S3) is shown in FIG. 9, an AFM 
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image thereof is shown in FIG 10, and a current transfer 
curve of the fabricated organic thin film* transistor is 
shown in FIG. 11. 



EXAMPLE 4 : Fabrication of Organic Thin Film Transistor 
including Organic Insulating Polymer (S4) as Gate Insulating 
Film and Pentacene as Active film 

An organic thin film transistor having a structure 
shown in FIG. 1 was fabricated by use of an organic 
insulating polymer (S4) represented by the following Formula 
10: 

Formula 10 



S4 




Except that 5wt% solution of organic insulating 
polymer (S4) dissolved in NMP was coated on the gate 
electrode by a spin coating process at 1000 rpm to obtain a 
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thickness of 2900 A, then baked at 100°C for 1 hour in a 
nitrogen atmosphere, and the film thus obtained was subject 
to UV-alignment with the same condition of Example 2, an 
organic thin film transistor was fabricated in the same way 
of Example 1 . 

An XRD graph of a pentacene thin film formed on the 
organic insulating polymer (S4) is shown in FIG. 12, an AFM 
image thereof is shown in" FIG 13, and a current transfer 
curve of the fabricated organic thin film transistor is 
shown in FIG. 14. 

EXAMPLE 5 : Fabrication of Organic Thin Film Transistor 
including Organic Insulating Polymer (SI) as Gate Insulating 
Film and P3HT of conductive polymer as Active film 

Except that a conductive polymer other than pentacene 
was used as an active film, an organic thin film transistor 
was fabricated in the same way of Example 1. Specifically, 
5wt% solution of the conductive polymer, 

Poly (3hexylthiopene-2, 5-diyl) [P3HT] , dissolved in chloroform 
was coated by a spin coating process at 2000 rpm to obtain a 
thickness of 2160 A, and then baked at 100°C for 1 hour in a 
nitrogen atmosphere to form a organic active layer. The P3HT 
was purchased from Aldrich co. Ltd and subjected to further 
purification before use. 

Comparing the XRD peaks of the pentacene thin film 
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fabricated in Examples 1 to 5 with known data (Journal of 
Non-Crystalline Solids 299-302, 2002, pp. 1042-1046), it can 
be found that the pentacene thin film of the present 
invention can be successfully fabricated. Further, the 
pentacene thin film as the organic active film deposited on 
the organic insulating film has a grain size of about 2 to 3 
|im, which is two to three times larger than l\xm, a grain 
size of a thin film obtained by treating the surface of an 
inorganic thin film with self-assembly materials, 
OctadecylTrichlororoSilane (hereinafter, OTS) . (see: Jpn. J. 
Appl. Phys. Vol. 41 (2002) pp. 2730-2734) 

COMPARATIVE EXAMPLE 1: Fabrication of Organic Thin Film 
Transistor including SiQ 2 as Gate Insulating Film and 
Pentacene as Active film 

Organic thin film transistor of bottom contact type as 
shown in FIG. 2 was fabricated (without OTS film) . A 
surface of a Si wafer substrate was treated by RCA washing 
process, a wet-chemical washing process widely used for a 
semiconductor process. The substrate was high-level doped 
p+-Si, and a doped Si was used as a gate. By a thermal 
oxidation process, a 992A-thick Si0 2 layer was grown on the 
substrate and then washed with the RCA process. Thereafter, 
a baking process accompanying dehydration was performed at 
100°C for 15 min. In order for the doped silicon substrate 
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to be used as a gate, Si0 2 was partially etched according to 
the following procedures: First, hexamethyldisilazane was 
coated on a Si0 2 substrate with a spin-coater (RAURELL, WS- 
400-6NPP) at 3000 rpm for 10 sec and a photoresist (Positive 
5 PR Az 1512) was coated thereon at 2000 rpm for 15 sec and 
then subjected to a soft-baking at 100°C for 15 min. For 
partial etching, an exposing process was performed for 40 
sec through an optical mask for use in the formation of 
partially etched windows by use of a mask aligner (Karlsuss, 

10 MJB 3) , after which a developing process was carried out 
using a developer (AZ 300 MIF Developer, Clariant) . Then, 
the developer remaining on the substrate was eliminated by 
using deionized water and residual moisture thereon was 
removed by N 2 gas, and then a hard-baking process was 

15 performed at 100°C for 15 min. Further, based on the fact 
that BHF (buffered HF) mixed with NH 4 F can be used for a 
control of an etching rate of Si0 2 , 50% solution of a 
mixture of HF, deionized water and NH 4 F at a ratio of 1:3:3 
was prepared and used for etching an oxide film thereby a 

20 gate was formed. 

In addition, the photoresist was coated again and a 
baked to form source-drain patterns through a lift-off 
process. As the source-drain electrode, Au was used because 
it is known to be easily deposited with thermal deposition 

25 and to have a high work function of 5.1 eV. 
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Then, a 700A thick pentacene film was deposited onto a 
device on which source-drain formed through OMB D method, 
under the conditions of a vacuum of 2xl0" 6 torr, a substrate 
temperature of 80°C and a deposition rate of 0.3A/sec by 
using a shadow mask with a channel length of 10|im and a 
channel width of 2mm. The organic thin film transistor thus 
obtained had an invert-coplanar structure as shown in FIG. 2 
In the invert-coplanar structure, the gate electrode was 
positioned on an opposite side of the source and drain 
electrodes on which the pentacene active film was deposited. 
Commercially available pentacene powders (Aldrich Co. Ltd., 
99.8%) were used without further purification. 

In reference to Fig. 2, 3 denotes gate insulating film 
of Si0 2 . 

The AFM image of the pentacene thin film is shown in 
FIG. 16, and the current transfer curve of the fabricated 
organic thin film transistor is seen in FIG. 17. 

COMPARATIVE EXAMPLE 2: Fabrication of Organic Thin Film 
Transistor including OTS-Surface Treated SiQ 2 as Gate 
Insulating Film and Pentacene as Active film 

With the exception that an OTS film was formed on the 
Si0 2 oxide film by use of a self -organizing method in which 
a substrate having a source/drain electrode was immersed for 
24 hours in a 0 . 1M OTS solution diluted with chloroform, a 
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thin film transistor was manufactured in the same manner as 
in Comparative Example 1. In reference to Fig. 2, 7 denotes 
self-assembly material (OTS) layer. 

The AFM image of the fabricated pentacene thin film is 
shown in FIG. 18, and the current transfer curve of the 
fabricated transistor is shown in FIG. 19. 

COMPARATIVE EXAMPLE 3: Fabrication of Organic Thin Film 
Transistor including OTS-Surface Treated SiQ 2 as Gate 
Insulating Film and Conductive Polymer P3HT as Active film 

Except that a conductive polymer, i.e. P3HT was used 
as an active film, an organic thin film transistor was 
fabricated in the same way of Comparative Example 2. 
Specifically, lwt% solution of P3HT dissolved in chloroform 
was coated by a spin coating process at 2000 rpm to obtain a 
thickness of 2160 A, and then baked at 100°C for 1 hour in a 
nitrogen atmosphere to form a organic active layer. 

The current transfer curve of the fabricated organic 
thin film transistor is shown in FIG. 20. 

[Measurement of Physical Properties] 

(1) Measurement of Surface Energy of Gate Insulating 

Films 

By using Test pieces prepared from thin films of the 
organic insulating polymers (SI, S2,.S3, and S4), the Si0 2 
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thin film and the OTS-treated thin film of Si0 2 , surface 
energy was measured with a drop shape analysis system, DSA 
10 MK2 of KRUSS Co. Ltd. 

After setting the temperature at 25°C, each of test 
pieces was placed on a stage. Deionized water, diiodomethane 
and formamide were separately injected into three syringes, 
one of which was positioned upward to be perpendicular to 
the test piece. Then, a distance and a focus of a 
microscope were adjusted and the stage was controlled right 
and left in order for a tip of a needle of the syringe to be 
seen along with the test piece in the monitor. The liquid 
in the syringe was added dropwise on the stage. After 10 
sec, a baseline was adjusted and a contact angle was 
measured. The other two liquids were measured for contact 
angles in the same manner. The contact angles measured 
using the three liquids were analyzed with an analytic 
program (Drop shape analysis (DSA), ver. 1.70.0.81, KRUSS), 
to calculate the surface energy. Thusly determined surface 
energy is shown in Table 1, below. 

(2) Evaluation of Electrical Characteristics of 
Organic Thin Film Transistors 

Using the transistors fabricated in Examples 1 to 5 
and Comparative Examples 1 to 3, charge mobility for each 
transistor was measured. The charge mobility was calculated 
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by the following current equation of saturation region, with 
using the curves showing the current transfer 
characteristics measured by a semiconductor parameter 
analyzer (HP4155A) available from Hewlett Packard Co. Ltd.: 

■ Iso-^n{V C 'V T ) 2 (1) 

The above equation (1) was converted to the equation 
(2) and a graph of V G and (I SD ) 1/2 was plotted. In reference 
to the following equations, a slope of the converted graph 
was obtained to calculate the charge mobility: 

4^=^f(y<-v T ) ( 2) 

Mfet = {Slope) 2 A 



C Q W 



* I SD : source-drain current, I^fet " charge mobility, C 0 : 
oxide film capacity, W: channel width, L: channel length, 
V G : gate voltage, V T : threshold voltage 

(3) Measurement of Grain Sizes 

Tho iT v 3 i ri c \ -7 t. r^-s /-n ^4- ^ -w^w , _ „ _ , '. j_ i_ _ 

values obtained with reference to the scales shown in the 
AFM images of the pentacene thin films deposited on the 
organic insulating films. 
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TABLE 1 



Ex. No. 


Gate Insul. 
Film 


Active film 


Surface Energy of 
Insul. Film (mN/m) 


Mobility 
(cm 2 /Vs) 


Grain 
size 


1 


SI 


Pentacene 


46.1 


1.80 


-2.5 


2 


S2 


Pentacene 


38.3 


0.33 


-2.5 


3 


S3 


Pentacene 


38.6 


0.22 


-2 


4 


S4 


Pentacene 


38.3 


0.43 


~2 


C. 1 


Si0 2 


Pentacene 


57.0 


0.01 


>1 


C. 2 


Si0 2 (OTS) 


Pentacene 


37 . 1 


0.3 


-1 


5 


SI 


P3HT 


46.1 


0.6 




C. 3 


Si0 2 (OTS) 


P3HT 


37 . 1 


0.01 





From Table 1, it can be seen that the use of the 
5 organic insulating polymer of the present invention results 
in a drastic increase in mobility, regardless of the active 
film material. In particular, the surface energy of the 
organic insulating film has an influence on such an increase. 
As described above, the present invention provides an 
10 organic gate insulating film and an organic thin film 
transistor fabricated using the same. In such a transistor, 
the organic active film formed on the organic insulating 
film has larger grain sizes, compared to that of an organic 
active film formed on a conventional inorganic insulating 
15 film. Further, the transistor of the present invention has 
very high mobility. 

The present invention has been described in an 
illustrative manner, and it should be understood that the 
terminology used is intended to be in the nature of 
20 description rather than of limitation. Many modifications 
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and variations of the present invention are possible in 
light of the above teachings . Therefore, it should be 
understood that within the scope of the appended claims, the 
invention may be practiced otherwise than as specifically 
described. 
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